Using patient specific finite element models to understand the biomechanics of paediatric spinal deformity surgery by Little, J. Paige
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Little, J. Paige (2014) Using patient specific finite element models to
understand the biomechanics of paediatric spinal deformity surgery. In
Humphrey, Jay D. & Ferguson, Stephen J. (Eds.) 7th World Congress of
Biomechanics, 7-11 July 2014, John B. Hynes Veterans Memorial Con-
vention Center, Boston, MA. (Unpublished)
This file was downloaded from: http://eprints.qut.edu.au/74208/
c© Copyright 2014 The Author
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
Using Patient Specific Finite Element Models to Understand the Biomechanics of Paediatric Spinal 
Deformity Surgery 
J. Paige Little 
Paediatric Spine Research Group, Queensland University of Technology, Mater Health Services, 
Brisbane, AUSTRALIA. 
Invited Podium Presentation  -  Abstract 
Adolescent idiopathic scoliosis (AIS) is a spinal deformity, which may require surgical correction by 
attaching rods to the patient’s spine using screws inserted into the vertebrae. Complication rates for 
deformity correction surgery are unacceptably high. Determining an achievable correction without 
overloading the adjacent spinal tissues or implants requires an understanding of the mechanical 
interaction between these components. We have developed novel patient specific modelling 
software to create individualized finite element models (FEM) representing the thoracolumbar spine 
and ribcage of scoliosis patients. We are using these models to better understand the biomechanics 
of spinal deformity correction.  
In a recent study, we investigated how increasing 
magnitudes of surgically applied corrective forces 
influenced deformity correction. Low-dose, pre-operative 
computed tomography data for scoliosis patients were 
imported into the modelling software. User-selected bony 
landmarks were utilized to reconstruct the osseo-
ligamentous anatomy of the thoracolumbar spine and 
ribcage. Patient specific FEM of eight AIS patients who 
underwent anterior single rod correction surgery were 
created. For each FEM the surgically modified spine was 
simulated by including the titanium rod and screws, see 
Figure (Left). Using surgical compressive forces measured 
intra-operatively, the models were analysed to predict 
deformity correction (Cobb angle). The difference between 
the clinically-measured and model-predicted corrected 
Cobb angle was less than the 5 degrees clinical 
measurement variability for seven of the eight patient FEM. 
 
Increasing magnitudes of surgical corrective force resulted in larger magnitude correction (ie smaller 
corrected Cobb angle). With increasing magnitude corrective forces, model predictions for four of 
the eight FEM showed endplate-to-endplate contact between adjacent vertebrae for at least one disc 
space within the corrected region of the spine. These results suggest there is a direct relationship 
between the magnitude of corrective forces and the achieved correction, with increasing magnitude 
forces resulting in better correction (as measured by decrease in Cobb angle). However, there is a 
critical limit for this correction, beyond which applying increasing magnitudes of corrective force will 
provide minimal improvement in correction and instead cause bone-to-bone contact at adjacent 
endplates. These results should be interpreted in light of the potential for complications (eg. screw 
plough) with higher magnitude intra-operative corrective forces. 
